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Figure 15.  Schematic of the experimental session for short retention interval (30 seconds) and 

long retention interval (15 minute) participants in Experiment 3.  Each phase of the value-

directed encoding task appears within an additional border. 
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pairs which produced a 15 minute retention interval.  Participants in both the short retention 

interval and long retention interval conditions were given the opportunity to take a break before 

beginning the second half of the experiment. 

Following the brief break, all participants were presented with the second acquisition 

phase that included all novel word pairs.  Participants in the short retention interval condition 

again completed the 30 second counting task between the acquisition phase and final test phase.  

Following the final test phase, participants completed the LNS task.  Participants in the long 

retention interval condition completed the LNS task between the acquisition phase and final test 

phases (which again produced a 15 minute retention interval). 

Results 

 Acquisition phase performance and conditional final test performance will be considered 

separately.  Nonconditional final test performance is reported in Appendix E. 

Acquisition Performance. 

Performance was collapsed across retention interval groups given that the acquisition 

phase was the same for both groups. Indeed, analyses failed to yield any significant differences 

in performance as a function of retention interval condition (ps > .25). 

Memory Accuracy. Mean proportion cued recall for young and older adults is shown in 

Figure 16 as a function of lag and point value.  There are three observations to note in this figure. 

First, performance was better in the Lag 0 condition than in the Lag 4 condition, and young 

adults performed better than older adults. Second, the difference between lag conditions was 

larger for older adults than young adults. Third and most critically, the value-directed encoding 

manipulation produced better performance for high-value pairs compared to low-value pairs.  

The above observations were supported by a 2 (Age) x 2 (Lag) x 2 (Point Value) 
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Figure 16. Mean proportion cued recall during the acquisition phase in Experiment 3 as a 

function of age, lag and point value.  Error bars represent ± 1 S.E.M. 
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mixed-factor ANOVA.  Results revealed main effects of age, lag and point value, ps < .001, as 

well as a significant Age x Lag interaction, F(1, 104) = 51.25, p < .001, p
 

=.33, which reflected 

a larger difference between lag conditions for older adults (Mdiff = .56) than young adults (Mdiff = 

.30).   

Standardized Response Latency. Mean standardized response latency is presented in 

Figure 17 as a function of age, lag and point value.  There are again three critical observations to 

note in this figure. First, young adult response latency was faster than older adult response 

latency. Second, Lag 0 response latency was faster than Lag 4 response latency. Third, the 

difference in response latency as a function of lag was larger for older adults than for young 

adults.   

Results from a 2 (Age) x 2 (Lag) x 2 (Point Value) mixed-factor ANOVA revealed main 

effects of age and lag, ps < .001, and a significant Age x Lag interaction, F(1, 103) = 4.32, p = 

.040,  p
 

=.04. This interaction reflected a larger difference in response latency between lag 

conditions for older adults (M = 1.11) than young adults (M = .88).  In contrast to the accuracy 

data, there was no influence of point value on response latency during acquisition (M = .13 and 

.16 for high-value and low-value conditions, respectively).  

Final Test Phase Performance.  

Conditional Memory Accuracy.  Mean proportion conditional recall is shown in Figure 

18 as a function of age, retention interval, lag, and point value.  There are three observations to 

note in this figure. First, retention was better for young adults than older adults. Second, 

retention was better for items that received spaced practice during learning (i.e., Lag 4) relative 

to massed practice. Third, high point value items appear to be retained better than low point 

value items, and this effect appears particularly salient for young adults.   
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Figure 17. Mean standardized response latency during the acquisition phase in Experiment 3 as 

a function of age, lag and point value.  Error bars represent ± 1 S.E.M. 
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effect for older adults (M = .05, p > .60). 

The Retention Interval x Point Value interaction was also significant, p = .036, which 

was further qualified by a significant Retention Interval x Lag x Point Value interaction, F(1, 

104) = 4.75,  p = .031, p
 

=.04.  To further explore the three-way interaction (see Figure 21) 

separate Retention Interval x Point Value ANOVAs were conducted for each lag condition.  

Analysis of Lag 0 response latency revealed a significant Retention Interval x Point Value 

interaction, F(1, 106) = 7.10, p = .009, p
 

= .06, which reflected faster response latency for high 

versus low value items following a short retention interval that reversed following the longer 

retention interval.  Follow-up comparisons in the Lag 0 condition revealed a significant 

difference between high and low point value conditions in standardized response latency 

following the short retention interval, t(53) = 2.18, p = .034, and a marginally significant 

difference between point value conditions following the long retention interval, t(53) = 1.61, p = 

.114.  In contrast, analysis of Lag 4 response latency revealed a significant effect of retention 

interval, F(1, 106) = 4.94, p = .028, p
 

= .04, but no influence of point value (ps > .45).  

Although this interaction was unexpected, it is possible that this pattern reflects differences in 

acquisition retrieval difficulty.  Pairs that were successfully retrieved following a four item 

interval may have a well-established retrieval route that is easily accessed on the final test 

regardless of point value.  In the massed condition, however, high point values may influence the 

quantity of rehearsal but not necessarily the quality of rehearsal (e.g., shallow versus elaborative 

processing).  In turn, increased rehearsal for high-value, massed items may result in increased 

accessibility shortly after learning that decreases across time.  Although this is an intriguing 

pattern of results, the interaction may be spurious and the complexity of this interaction clearly 

demands replication in the future.    
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Figure 21. Retention Interval x Lag x Point Value interaction in Experiment 3 response latency.  

Error bars represent ± 1 S.E.M. 
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Intact vs. Rearranged Recognition Accuracy.  Given that the recognition test always 

occurred following the cued recall test, one may be concerned that recognition performance was 

influenced by performance on the prior test.  Although this may be the case for young adults 

provided that analysis of their cued recall performance revealed an effect of point value as well 

as a level of nonconditional performance above floor (see Appendix E), older adult performance 

failed to reveal a significant effect of point value, and more importantly, older adult 

nonconditional final cued recall performance was near floor.  Thus, the influence of the cued 

recall test on the subsequent recognition test performance should be minimal for this group of 

participants. 

Mean proportion hits (i.e., correctly calling an intact pair “intact”) and false alarms (i.e., 

incorrectly calling a rearranged pair “intact”) are presented in Table 4 in addition to measures of 

recognition discriminability (d’; a measure of accuracy ) and criterion (C; a measure of response 

bias) as a function of age, retention interval, lag, and point value.  Analyses will emphasize 

signal-detection measures (d’ and C), because analysis of a corrected recognition measure 

(Proportion Hits minus Proportion False Alarms) was generally consistent with the d’ analysis.  

With respect to d’, there are several notable observations in this table. Consistent with 

expectations, d’ was higher for young adults than for older adults and was higher following the 

short retention interval compared to long retention interval.  Discriminability was also better for 

spaced stimuli compared to massed stimuli and for high-value items compared to low-value 

items.  Discriminability (d’) was submitted to a 2 (Age) x 2 (Retention Interval) x 2 (Lag) x 2 

(Point Value) mixed-factor ANOVA.  All main effects were significant.  As expected, d’ was 

higher for young adults than older adults (M = 1.70 vs. .78, respectively; p < .001) and was 

higher following the short retention interval compared to the long retention interval (M = 1.43 vs. 
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Table 4.  Mean proportions (and standard errors) of hits and false alarms (FAs), with d’ and Criterion, as a function of age, retention 

interval, lag and point value. 

  Young  Older 

  Lag 0 Lag 4  Lag 0 Lag 4 

  3 Points 6 Points 3 Points 6 Points  3 Points 6 Points 3 Points 6 Points 

Short RI Hits .45 (.02) .46 (.02) .43 (.02) .45 (.02)  .39 (.02) .36 (.02) .35 (.03) .38 (.02) 

 FAs .05 (.02) .05 (.02) .05 (.02) .04 (.02)  .15 (.02) .13 (.02) .10 (.02) .09 (.02) 

 d’ 1.82 (.14) 1.74 (.13) 1.68 (.15) 1.94 (.16)  .99 (.16) 1.02 (.15) 1.04 (.17) 1.21 (.18) 

 C 1.03 (.07) .97 (.07) 1.04 (.07) 1.11 (.06)  .80 (.08) .88 (.07) 1.01 (.08) .98 (.07) 

           

Long RI Hits .41 (.02) .48 (.02) .42 (.02) .43 (.02)  .33 (.04) .34 (.03) .29 (.04) .36 (.04) 

 FAs .09 (.02) .08 (.02) .07 (.02)  .06 (.02)  .28 (.04) .23 (.03) .16 (.03) .15 (.03) 

 d’ 1.43 (.14) 1.71 (.13) 1.57 (.15) 1.67 (.16)  .06 (.25) .45 (.23) .59 (.26) .89 (.28) 

 C .95 (.08) .92 (.07) 1.00 (.07) 1.02 (.06)  .61 (.12) .66 (.11) .88 (.12) .93 (.11) 
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1.05, respectively; p = .003).  With regard to the influence of spacing on final recognition 

performance, the main effect of lag, F(1, 90) = 4.34, p = .043, p
 

=.05, reflected higher d’ for 

pairs in the Lag 4 condition compared to the Lag 0 condition (M =  1.32 vs. 1.15, respectively). 

Finally, d’ was higher for high-value pairs (M = 1.33) than low-value pairs (M = 1.15), F(1, 90) 

= 5.90, p = .017,  p
 

=.06.  

Turning to criterion, there are two observations to note in Table 4.  First, older adults set 

a more liberal criterion (as indicated by lower values) than young adults. Second, criterion was 

lower for Lag 0 items than for Lag 4 items.  Data were submitted to a 2 (Age) x 2 (Retention 

Interval) x 2 (Lag) x 2 (Point Value) mixed-factor ANOVA which revealed main effects of age, 

F(1, 90) = 7.99, p = .006, p
 

=.08, and lag, F(1, 90) = 13.81, p < .001, p
 

=.13.   

Intact vs. Rearranged Recognition Response latency.  To examine retrieval fluency on 

the recognition test, response latency from correct trials (i.e., Hits and Correct Rejections) was 

submitted to a 2 (Age) x 2 (Retention Interval) x 2 (Trial Type) x 2 (Lag) x 2 (Point Value) 

ANOVA. Mean response latency is presented in Figure 22 as a function of Age, Retention 

Interval, Trial Type, Lag and Point Value.  There are three observations to note in this figure. 

First, response latency was faster for hits than for correct rejections. Second, although a lag 

effect was generally observed in response latency across point value conditions for young adults, 

it appears that a lag effect was only observed in the high point value condition for older adults.  

Third, it appears that the lag effect observed on Hit trials was driven by high-value items, 

whereas the lag effect observed on Correct Rejection trials was driven by low-value items.  

Results revealed main effects of Age, Retention Interval, Trial Type, and Lag, ps < .05.  

Additionally the Age x Point Value interaction was significant, F(1, 90) = 4.50, p = .037,  η
2

p = 

.05,  and was further qualified by a significant Age x Lag x Point Value interaction, F(1, 90) = 
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Figure 22. Mean standardized response latency for hits and correct rejections on the Intact 

versus Rearranged Recognition test as a function of lag and point value for young (top panel) and 

older adults (bottom panel).  Error bars represent ± 1 S.E.M. 
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6.74, p = .011, p
 

= .07. To further explore this interaction (see Figure 23), separate Lag x Point 

Value ANOVAs were conducted for young and older adults.  Analysis of young adult response 

latency revealed a single main effect of Lag, F(1, 59) = 5.03, p = .029, p
 

= .08, with no 

interaction between point value and lag.  Analysis of older adult response latency revealed a 

main effect of point value, p = .029, which was further qualified by a significant Lag x Point 

Value interaction, F(1, 33) = 5.21, p = .029, p
 

= .14, that reflected a significant effect of point 

value in the Lag 4 condition, t(33) = 3.09, p = .004 but no difference in Lag 0 response latency, p 

> .80.    

The ANOVA also yielded a reliable Trial Type x Lag x Point Value interaction, F(1, 90) 

= 5.17, p = .025, p
 

= .05.  To further explore this interaction (see Figure 24), separate Lag x 

Point Value ANOVAs were conducted for each trial type.  Analysis of Hits revealed a main 

effect of lag, p = .002, that was further qualified by a significant Lag x Point Value interaction, 

F(1, 93) = 6.08, p = .016, p
 

= .06.  There was no difference in response latency across lag 

conditions for low point value items, p > .85, but response latency was significantly faster for 

high point value items that were separated by Lag 4 compared to Lag 0 (M = -.30 vs. -.02, 

respectively), t(93) = 3.90, p < .001.  Analysis of Correct Rejections yielded a marginal effect of 

point value, F(1, 93) = 3.50, p = .065, p

= .04, which reflected faster response latency in the 

high-value condition compared to the low-value condition (M  = -.01 vs. .09, respectively). 

Working Memory, Retrieval Practice and Value-Directed Encoding.  

A working memory composite score was created in the same way described for 

Experiments 1 and 2.  Again, each of the analyses reported above were replicated with Working 

Memory Group as a between-participants factor and age (in years) serving as a covariate.   

Acquisition Performance.  Analysis of acquisition accuracy revealed a main effect of 
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Figure 23. Age x Lag x Point Value interaction for Intact versus Rearranged recognition 

response latency in Experiment 3.  Error bars represent ± 1 S.E.M. 
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Figure 24. Trial Type x Lag x Point Value interaction for Intact versus Rearranged Recognition 

response latency in Experiment 3.  Error bars represent ± 1 S.E.M. 
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WMC Group, F(1, 103) = 5.12, p = .026, p
 

= .05, and a significant WMC Group x Lag 

interaction, F(1, 103) = 4.20, p = .043, p
 

= .04.  As seen in Figure 25, the significant interaction 

reflected a larger difference between Lag 0 and Lag 4 performance for the low WMC group 

compared to the high WMC group (M = .45 vs. .38, respectively).  Analysis of acquisition 

response latency failed to yield a significant effect or any significant interactions involving 

WMC group, ps > .67. 

Final Test Performance.  Analysis of conditional final test accuracy revealed a 

marginally significant WMC Group x Retention Interval x Lag interaction, F(1, 101) = 3.82, p = 

.053, p
 

= .04.   This interaction reflected a similar size spacing effect across retention interval 

conditions for the high WMC group (Ms = .34) and an increase in the size of the spacing effect 

from the short to long retention interval for the low WMC group (M = .27 and M = .44, 

respectively).  Analysis of conditional final test response latency failed to yield a significant 

effect or any significant interactions involving WMC group, ps > .19. 

Intact vs. Rearranged Recognition.  Analysis of d’ and C failed to reveal any significant 

main effects of WMC group. However, a 2 (WMC Group) x 2 (Retention Interval) x 2 (Trial 

Type) x 2 (Lag) x 2 (Point Value) mixed-factor ANOVA of standardized response latency 

yielded two significant interactions.  Both the WMC Group x Retention Interval x Lag x Point 

Value interaction, F(1, 87) = 4.40, p = .039, p
 

= .05, and the WMC Group x Retention Interval 

x Trial Type x Lag interaction were significant, F(1, 87) = 6.89, p = .010, p

= .07.  Follow-up 

analyses for each interaction failed to yield any systematic patterns, and so will not be further 

discussed.  

Discussion 

The results from Experiment 3 yielded four critical findings.  First, the manipulation of  
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Figure 25. Acquisition accuracy as a function of WMC group, Lag and Point Value in 

Experiment 3.  Error bars represent ± 1 S.E.M. 
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the participant’s motivation during the acquisition phase via value-directed encoding extends to a 

paradigm that differed from past studies in several important ways.  The current study included 

word pairs rather than single words and used a slower presentation rate (4.5 seconds rather than 1 

second per item).  Moreover, cued recall results revealed a benefit of value-directed encoding 

that persisted across short and longer retention intervals (30 second and 15 minute retention 

intervals for young adults but not older adults). Most importantly, the benefit of value-directed 

encoding persists when stimuli receive retrieval practice with varying lags.  This is consistent 

with the possibility that high-value pairs receive enhanced encoding (e.g., more rehearsal) and 

are consequently retrieved with more success following various lags compared to low-value 

pairs.   

Second, because performance for items was assessed during the learning phase, the extent 

to which value-directed encoding influences acquisition performance and retention could be 

examined, via the conditional analyses that targeted final recall performance only for those items 

that were successfully retrieved during encoding.  In fact, current analyses of final test accuracy 

suggest that manipulation of point value during the acquisition phase differentially influences the 

encoding of information but exerts a relatively smaller influence on retention as indicated by the 

marginal effect of point value in conditional cued recall.  Of course, this finding is inconsistent 

with predictions based on different levels of retrieval difficulty that result from the manipulation 

of point value.  Specifically, if higher point value items are more likely to be maintained between 

initial encoding and retrieval during acquisition then, based on the desirable difficulty 

hypothesis, one might actually predict that final test conditional performance should be lower for 

these items.  However, this was not the case in the current study.  Further consideration of this 

pattern will be provided below in the General Discussion. 
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 Third, a benefit of value-directed encoding was observed on the intact versus rearranged 

recognition test across short and long retention intervals for both young and older adults. This 

finding is important for several reasons.  Results from the cued recall test failed to show a benefit 

of value-directed encoding for older adults which is inconsistent with past research on value-

directed encoding (e.g., Castel et al., 2012).  Of course, the lack of an effect in cued recall 

performance in the current paradigm may reflect the relatively more demanding nature of the 

stimuli compared to previous value-directed encoding studies.  Specifically, the shift from single 

items to paired associates may disproportionately reduce cued recall performance for older adults 

compared to young adults (e.g., Naveh-Benjamin, 2000), which in turn may limit the ability to 

detect a value-directed encoding effect in the former group.  However, when additional 

experimental support was provided in the form of a recognition test (see also Craik & McDowd, 

1987), older adult performance revealed a significant benefit in d’ for high-value items over low-

value items. 

Of course, one may be concerned that performance on the recognition test was 

confounded with test order (i.e., the recognition test always followed the cued recall test).  

However, if a prior cued recall test served to exaggerate the effects obtained in recognition, then 

a value-directed encoding effect should not have been obtained on the recognition test for older 

adults. This clearly was not observed in the current results. 

Finally, value-directed encoding had a clearer influence on accuracy than on response 

latency.  One possibility for this finding is that the effect observed in accuracy was relatively 

small compared to other factors (e.g., lag).  Thus, one may not expect a large effect of point 

value on retrieval fluency (i.e., response latency).   
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General Discussion 

 This dissertation addressed three questions regarding the benefits of spaced retrieval 

practice across age groups and retention intervals. First, how does lag modulate the extent to 

which continued testing improves long-term memory?  Second, how does the function relating 

lag and continued testing to final test performance differ across young and older adults?  Third, 

how does participant motivation modulate the benefit of retrieval practice in young and older 

adults?  Before turning to a discussion of these issues, it is important to note that the present 

methods diverged from standard approaches in this literature in two important ways.    

First, emphasis was placed on analysis of conditional final test performance (rather than 

overall performance) to minimize encoding confounds when assessing the influence of lag and 

age on long-term memory.  Specifically, as noted earlier, if an item cannot be retrieved during 

the acquisition phase (e.g., due to age-related declines in episodic memory and/or a long lag 

during acquisition), then the item will not incur retrieval practice, and so one cannot directly 

measure the benefit of retrieval practice for those items or for other related items presented in the 

study list (i.e., test induced facilitation for non-tested material related to the tested material; e.g., 

Chan, McDermott, & Roediger, 2006; Szpunar, McDermott, & Roediger, 2008).  As noted in the 

Introduction, the use of conditional analyses may lead to item selection effects in final test 

performance. However, it is comforting that conditional analyses generally accorded with 

nonconditional final test analyses, which suggests that the influence of item selection effects on 

the interpretation of conditional final test performance may be of minimal consequence in the 

current experiments.  Nevertheless, subsequent studies may wish to implement a methodology 

which yields similar levels of performance during the acquisition phase (e.g., near perfect 

performance) to avoid this concern in the future.  
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Second, the dissertation diverged from previous spaced retrieval studies in that it 

examined the influence of age, spacing, and testing on final test response latency as well as 

conditional accuracy.  Although one might expect that measures of accuracy and response 

latency will produce similar patterns of results as a function of experimental manipulations (e.g., 

lag and number of retrieval attempts), these two measures may reflect the strength of the memory 

trace in different ways.  If one assumes that the integrity of the memory trace is reflected by a 

continuous measure of strength, accuracy will reflect discrete states in which the item is or is not 

above some response threshold.  In contrast, response latency may capture variation in trace 

strength above and beyond the critical threshold at which the item can be correctly recalled, 

because response latency is a continuous dependent variable.  With these methodological 

extensions in mind, I shall turn to each of the goals of the dissertation by first considering 

Experiments 1 and 2 before turning to Experiment 3. 

Aim 1:  Retrieval Practice as a Function of Lag. 

 The first aim of the dissertation was to examine the function relating continued testing 

and lag to final test performance.  Here I will focus on the results from Experiment 1, and I will 

discuss the related spacing manipulation in Experiment 2 in a later section.  The first experiment 

included two manipulations to address this aim.  First, the lag between study and testing events 

(Lag 1 vs. Lag 3) was experimentally manipulated during acquisition.  Second, continued testing 

was examined at three levels (1 vs. 3 vs. 5 tests) to more fully capture the function relating 

continued testing and lag to final test performance.  

Similar to previous studies (e.g., Karpicke & Roediger, 2007; Wheeler & Roediger, 

1992), Experiment 1 revealed a long-term retention benefit with increased testing when 

comparing a single test condition to a three test condition in both the Lag 1 condition (11% 
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benefit) and Lag 3 condition (15% benefit).   More importantly, the inclusion of an additional 

level of testing revealed a difference in the function relating continued testing and lag to final test 

performance (see top panel of Figure 26). Specifically, retention continued to increase with 

additional retrieval practice in the short lag condition (10% from 3- to 5-tests) but did not 

increase in the long lag condition (0% from 3- to 5-tests).  Thus, the benefits of additional 

retrieval practice appear to asymptote after three successful retrieval events in the long lag 

condition but not in the short lag condition.  Although this pattern in accuracy occurred for both 

young and older adults, there were differences across age groups with respect to the influence of 

testing and lag on response latency.  Hence, I now turn to Aim 2 regarding age-related changes 

in the influence of lag and retrieval practice on long-term retention.  

Aim 2:  Retrieval Practice, Lag and Age  

Turning to the second aim of examining age differences in the function relating lag and 

continued testing to final test performance, there are two intriguing aspects of both Experiment 1 

and 2.  First consider Experiment 1 which examined the function relating lag and continued 

testing to final test performance across age groups and retention intervals.  As noted earlier, in 

the top panel of Figure 26, this function was generally similar across age groups and retention 

interval conditions in terms of conditional accuracy, i.e., both groups appeared to asymptote after 

three retrieval attempts in the long lag condition but not in the short lag condition.  The similarity 

in functions relating lag and number of tests to conditional accuracy on the final test stands in 

contrast with past studies that have indicated age differences in the optimal spacing schedules 

(e.g., Maddox et al, 2011).  This again highlights the importance of conditional analyses in the 

current dissertation and the need to account for differences in acquisition performance across age 

groups and lag conditions when considering final test performance. 
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Figure 26.  Proportion conditional accuracy (top panel) and standardized response latency 

(bottom panel) on the final test in Experiment 1 as a function of age, retention interval, lag, and 

number of tests.  Error bars representation ±1 S.E.M.  
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In contrast to the accuracy data, the function relating continued testing and lag to 

response latency on the final test differed across young and older adults (see the bottom panel of 

Figure 26).  Young adult response latency did not change as a function of testing in the short lag 

condition but was facilitated with increased testing in the long lag condition.  However, older 

adult response latency benefited from increased testing in the short lag condition but did not 

change as a function of number of tests in the long lag condition.  Because these patterns were 

observed for items that were successfully retrieved on the final test, it is important to consider 

how age-related differences in episodic memory may influence the speed with which these items 

are accessed. 

It is intriguing to consider why older adults benefit more (i.e., in terms of reduced 

response latency) from continued testing at the short lag, whereas, young adults benefit more 

from continued testing at the long lag.  One possibility is that response latency on the final test 

may reflect the integrity or strength of the retrieval route used to access the item in memory.  In 

turn, the age differences relating lag and number of tests to final test response latency may reflect 

the degree to which an effective retrieval route was established and assessed during the learning 

phase.  Specifically, young adults, whose encoding abilities are superior to those of older adults, 

may initially encode material well enough that enhanced retrieval fluency (as indicated by 

response latency) is only obtained with repeated practice in the more difficult long lag condition.  

In this sense, repeated retrieval across a greater number of intervening trials is a better indicator 

of the efficiency of the retrieval route (i.e., an item can be retrieved following more variable 

interference or in more variable contexts when retrieved repeatedly in the long lag condition; see 

Estes, 1955a; 1955b; Glenberg, 1976).  In contrast, due to older adults’ relatively poorer 

encoding abilities, successful retrieval of an item following a short lag during encoding suggests 
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that it is accessible but does not necessarily reflect that a robust retrieval route has been 

established. Thus, continued practice with the item further strengthens the item in terms of 

overall accuracy and also helps to establish a more efficient retrieval route as indicated by 

changes in response latency (both during acquisition and on the final test).  Changes in response 

latency would not necessarily be observed with additional testing in the long lag condition given 

that the retrieval route initially established for those items was effective enough to ensure 

successful retrieval following a longer lag.  Obviously, this account is post hoc and needs further 

examination.   

There is a second interesting aspect of Experiment 1 that is important to consider at this 

point.  Specifically, although there was a very similar pattern relating lag and retrieval practice 

across age groups, there was also a reliable Age x Lag interaction which reflected a larger lag 

effect in conditional accuracy for older adults than for young adults.  This interaction was 

primarily driven by the long retention interval condition.  Although the three-way interaction 

between Age, Retention Interval, and Lag did not reach significance (F = 2.64, p = .106), the 

pattern is noteworthy.  As shown in Figure 27, a similar pattern was observed across both age 

groups following a short retention interval, whereas a larger lag effect was observed for older 

adults compared to young adults following a long retention interval.  Indeed, analysis of short 

retention interval performance did not yield a reliable Age by Lag interaction, p > .15, whereas, 

the Age by Lag interaction was highly reliable following the long retention interval, p = .001.   

The pattern of results at the long retention interval in Figure 27 is particularly intriguing.  

As shown, the young and older adults were equated in the short lag condition, but the older 

adults actually produced better performance than the young adults in the long lag condition.  At 

this level, it appears that older adults actually benefit more from the Lag 3 condition in terms of 
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conditional accuracy, when age groups are equated at the Lag 1 condition.  It is tempting to 

conclude that this increased lag effect in older adults may be due to age-related differences in 

retrieval effort and desirable difficulties (Bjork, 1994).  Specifically, because older adults have 

lower performance during the long lag condition during encoding, those items that did survive 

may have benefited from more desirable difficulty in the older adult group than the young adult 

group, and hence, may have produced a stronger long-term trace.  Of course, one must be 

cautious not to overinterpret these results, because the young and older adults had different long 

retention intervals in Experiment 1.  Given the evidence of a nonmonotonic lag by retention 

interval interaction in the literature (see Crowder, 1976, Chapter 9 for a discussion), these results 

may be due to idiosyncratic points in this function for the young and older adults.  It is also 

possible that the different retention intervals used across age groups captured different 

relationships between lag and retention interval.  Specifically, research by Cepeda et al. (2009) 

suggests that the optimal lag between repetitions is a decreasing proportion of the retention 

interval with the optimal ratio ranging from 1.0 when the final test is administered after short 

delays to 0.10 at very long delays. With respect to the current experiments, the optimal ratio 

occurs in the short RI condition for both age groups (i.e., the ratio for Lag 3 items to the RI 

approaches the .10 ratio, whereas all other ratios are substantially lower than this value).  In 

terms of the age-related differences observed in long retention interval performance between 

young adults and older adults, it is possible that the older adult ratio is more optimal than the 

young adult ratio.  In either case, this pattern is unique in the aging literature and deserves further 

exploration. 

Turning to Experiment 2, an interesting dissociation between conditional accuracy and 

response latency was observed when comparing the benefit of continued massed and spaced  
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Figure 27.  Proportion conditional accuracy on the final test in Experiment 1 as a function of 

age, retention interval and lag.  Error bars representation ± 1 S.E.M. 

 

 

 

 

 

 

 

 

 

 

 

 

 

.00 

.10 

.20 

.30 

.40 

.50 

.60 

.70 

.80 

.90 

Young Older Young Older 

Short RI Long RI 

P
ro

p
o

rt
io

n
 C

o
n

d
it

io
n

al
 R

e
ca

ll 

Lag 1 

Lag 3 

p = .005 

p > .90 



 

 

95 

retrieval practice.  As a reminder, this experiment investigated massed versus spaced retrieval, 

instead of spaced conditions with various lags as was examined in Experiment 1.  The results 

indicated that although the spacing effect was of similar magnitude across age groups (as was the 

case following the short retention interval in Experiment 1), young and older adults benefited 

from continued testing in different ways as a function of lag.  Specifically, only the young adults 

benefited from additional testing in the massed condition (possibly due to refreshing), whereas, 

both groups benefited from continued testing in the spaced condition.  Interestingly, however, 

response latency in the massed condition was facilitated with increased testing for older adults 

but not young adults.  Thus, a trade-off in the benefit of refreshing was observed between 

conditional accuracy and response latency for both age groups such that additional massed 

retrieval practice benefited young adults in terms of accuracy but not response latency, whereas, 

additional massed retrieval benefited older adults in terms of response latency but not accuracy.   

Although the current results are useful for examining the benefits of spaced retrieval for 

items that successfully incurred retrieval practice during encoding, an emphasis on conditional 

analyses overlooks overall differences between age groups and lag conditions in performance 

during acquisition.  Indeed, the benefit of a long lag during acquisition is offset by reduced 

acquisition performance.  Thus, future studies may extend recent work reported by Rawson and 

Dunlosky (2011) to an older adult population as a means of examining the benefits of criterion 

level learning and the benefits of continued testing with feedback in this group.  

Continued Retrieval Practice and Desirable Difficulty.  As discussed in the 

Introduction, the benefits of various spaced retrieval schedules have been tied to the degree to 

which a given schedule produces desirably difficult retrieval (e.g., Bjork, 1994) during the 

learning phase. Based on Bjork’s concept of desirable difficulty, it was originally predicted that 
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continued testing would improve retention in the long lag condition but would produce relatively 

no improvement in the short lag condition given that longer lags should lead to more difficult 

retrieval attempts than short lags.  Clearly, this pattern of data was not observed in either 

Experiment 1 or Experiment 2.  Of course, this prediction from the desirable difficulty 

perspective assumes that each retrieval attempt in the Lag 3 condition was more difficult than in 

the Lag 1 condition.  But, how does one measure desirable difficulty?  The present experiments 

afforded a measure of desirable difficulty during encoding, i.e., response latency, and hence can 

provide some direct evaluation of this prediction.  Based on the response latency during 

acquisition, the initial desirable difficulty prediction may have been incorrect regarding the 

benefits of additional testing as a function of lag.  Specifically, items that are more difficult to 

retrieve initially should benefit to a greater extent from retrieval than less difficult items in terms 

of strengthening of the memory trace, and as a result, subsequent retrieval attempts may actually 

be faster and easier in the nominally “more difficult” lag condition relative to the “less difficult” 

lag condition.  Two approaches to examining the role of desirable difficulty in producing the 

benefit of spaced retrieval will be considered next.  

First, one may expect difficulty on the first retrieval attempt to influence long-term 

retention given past research suggesting a long initial lag produces increased long term memory 

versus a short initial lag regardless of subsequent form of spacing (i.e., equal spaced vs. 

expanding retrieval; Karpicke & Roediger, 2007).  Analysis of standardized response latency on 

the first retrieval attempt in each condition of Experiment 1 revealed that the three-test condition 

produced slower response latency than the one-test condition.  Additionally, a significant Age x 

Lag interaction reflected similar response latency across lag conditions for young adults but 

faster response latency in the Lag 1 condition than the Lag 3 condition for older adults.  Thus, 
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one would predict a benefit in conditional accuracy for the three-test condition compared to the 

one-test condition, and that the lag effect should be larger for older adults than young adults. 

Turning to the conditional final test results, it appears that conditional accuracy generally 

accords with predictions based on acquisition response latency. First, the three test conditions 

produced a benefit over the one test conditions for both Lag 1 and Lag 3.  The one exception to 

this prediction is that taking five tests in the Lag 1 condition produced significantly better 

performance on the final test than taking three tests.  Of course, this increase may reflect the 

benefit in final test performance obtained from additional retrieval rather than shifts in desirable 

difficulty.  Thus, the influence of repeated exposure to material via testing may compensate for 

less effective spacing intervals.  The second prediction from this perspective is that one should 

find a larger lag effect for older adults than young adults in Experiment 1, which as described in 

detail above, was indeed observed.  Thus, there is some evidence in support of the desirable 

difficulty account in the current results. 

Alternatively, one may expect that more difficult retrieval attempts soon after encoding 

an item will lead to overall greater speeding across later retrieval attempts.  Thus, response 

latency on the final retrieval attempt may best capture the variability in retrieval difficulty across 

continued testing during acquisition.   

In contrast with the preceding analysis which emphasized response latency for the first 

retrieval attempt at various lags, faster response latency on the final retrieval attempt during 

acquisition would indicate larger benefit from difficult, early retrieval attempts.  Analysis of 

standardized response latency on the last retrieval attempt in each multiple-retrieval attempt 

condition of Experiment 1 revealed faster response latency in the Lag 3 condition compared to 

the Lag 1 condition and faster response latency in the five-test condition compared with the 
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three-test condition.  With consideration for these differences in acquisition response latency, 

one would predict a significant lag effect in conditional final test accuracy and increased 

performance for items tested five times compared to three times.  Indeed, final test accuracy was 

greater for Lag 3 items than Lag 1 items, and performance for items tested five times was greater 

than performance for items tested three times. However, this latter finding was only observed in 

the Lag 1 condition. Thus, although there are clearly aspects from the final test performance that 

are consistent with the predictions from the desirable difficult account (based on response 

latency data during acquisition), it is clear that other factors likely contribute to performance in 

the current paradigm.  Future studies may wish to explore other mechanisms previously proposed 

to account for the spacing effect (e.g., encoding variability; Estes, 1955a; 1955b). 

In summary, regarding the first and second aims, the present results indicate that 

continued testing in the short lag condition produces continued increases in terms of long-term 

accuracy, whereas continued testing in the long lag condition produces an initial increase in 

retention that approaches asymptote after three tests (e.g., Experiment 1).  The results from 

Experiments 1 and 2 also demonstrate dissociations between accuracy and response latency 

which highlights the importance of considering multiple measures of memory performance when 

examining the benefits of lag and continued testing.  Finally, the relation between the acquisition 

response latency and the final test performance are generally consistent with a desirable 

difficulty account of the combined effects of spacing and testing effect (e.g., Bjork, 1994).   

In addition to experimenter-controlled factors that may modulate the benefit of continued 

testing, the participant’s motivation to learn material was also examined in the dissertation.  The 

results from Experiment 3 provide some insight into this third aim of the dissertation.    

Aim 3:  Retrieval Practice and Participant Motivation 
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 The third aim of the dissertation was to examine the extent to which participant 

motivation influences the benefits of retrieval practice across age groups and retention intervals.  

In contrast to past value-directed encoding studies, Experiment 3 utilized paired associates that 

were assigned a low or high point value in a retrieval practice paradigm.   It was predicted that 

retrieval difficulty during acquisition would be greater for low-value items than high-value 

items, which would produce a benefit in conditional final test performance for the former class of 

items over the latter class of items.  Results yielded two critical findings. First, a benefit of high 

point value items was observed in long-term conditional memory performance as reflected in 

both cued recall performance as well as in intact versus rearranged recognition performance.  

However, the point-value effect observed in cued recall performance was only significant for 

young adults, whereas the benefit observed in recognition performance was significant for both 

age groups.   

Second, the manipulation of point values within a retrieval practice paradigm provided 

the opportunity to examine the influence of value-directed encoding on acquisition performance 

versus retention of material across multiple retention intervals.  Results revealed that point value 

exerts a stronger influence on the encoding of information, as reflected by the influence on 

acquisition performance, compared with the relatively weaker influence on final conditional test 

performance.  Initial predictions regarding the influence of point value on final test performance 

emphasized the potential role of desirable difficulty in modulating the extent to which high 

versus low valued items were retained across the two retention intervals.  Analysis of acquisition 

response latency failed to yield any differences across point values. Instead, there was a 

significant Age x Lag interaction which reflected a larger difference between spacing conditions 

for older adults than for young adults.  However, a similar effect was not observed in final test 



 

 

100 

performance, which suggests that desirable difficulty may not be able to fully account for the 

effects observed in Experiment 3.  Thus, it is important to consider the mechanism originally 

predicted to modulate retrieval difficulty as a function of point value, namely, deficient 

processing.  As noted earlier, the deficient processing account of the spacing effect (e.g., 

Johnston & Uhl, 1976; Rundus, 1971; Shaughnessy, Zimmerman, & Underwood, 1972) suggests 

that spaced items are rehearsed at the detriment of rehearsing massed items when both conditions 

occur within the same list.  For example, in the current paradigm massed items may be tagged as 

low or high-value which then results in the low value massed item being dropped from 

subsequent rehearsal.  Thus, the influence of difficulty of retrieval during the learning phase on 

final test performance may be masked by the influence of additional rehearsal for high value, 

long lag items compared to low value, massed items.  

Future studies may wish to extend the current paradigm to situations in which 

participants control the duration of study, the number of retrieval trials, and the spacing interval 

between learning and subsequent retrieval attempts (e.g., Maddox & Balota, 2012).  The use of 

such a paradigm may be particularly interesting with respect to Experiment 3 and the benefits of 

value-directed encoding with older adults. Specifically, older adults failed to produce a point 

value effect on the more effortful cued recall test in the current paradigm, which may have 

reflected the influence of dividing attention in which older adults had difficulty with adequately 

encoding word pairs and processing the point value.  Allowing participants to pace their study 

should provide the opportunity to establish and execute a strategy in which high value items are 

given more attention, more encoding and more retrieval practice than low value items, which in 

turn should produce a significant point value effect for older adults in more effortful retrieval 

tasks.  Of course, individuals often do place different priorities on learning information (e.g., 



 

 

101 

when an instructor says this is going to be on the exam, or the feedback from a doctor), and so it 

is important to develop a better understanding how an individual’s perceived value modulates 

later memory performance.  

Secondary Aim:  Retrieval Practice and Working Memory 

A secondary interest in the dissertation was the relationship between working memory 

capacity and the benefit of retrieval practice in terms of conditional final test performance.  

Across experiments, it was expected that individuals with low WMC would benefit more from 

the lag manipulation than individuals with high WMC given between-group differences in the 

sensitivity to the consequences of various lags (e.g., interference).  Indeed, past research suggests 

that low and high WMC groups show optimum benefit in free recall performance from differing 

levels of task demand when repetitions are spaced by easy versus difficult tasks (Bui, Maddox, & 

Balota, 2012).  Despite some variability in the patterns of acquisition and final test results across 

experiments, none of the experiments produced the predicted WMC Group x Lag interaction in 

final conditional test performance. However, there were some hints of this interaction in 

nonconditional performance (see Appendices D and F). 

One possibility for why the WMC Group x Lag interaction was not observed may reflect 

the reliability of the WMC measures and/or the reliability of the memory estimates.  Clearly, 

there is evidence that WMC can powerfully predict episodic memory performance (see McCabe 

et al., 2010).  Alternatively, it is quite possible that there really are minimal differences between 

high and low WMC participants when initial encoding is comparable based on conditional recall 

analyses.  As noted earlier, there is some evidence of an effect of WMC on nonconditional recall 

performance.  However, this confounds the WMC with initial retrieval success. 

Conclusions 
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The present dissertation provided some new insights regarding the influence of age on the 

benefits of retrieval practice and lag.  Because these analyses emphasized the influence of lag 

and retrieval practice on conditional final test performance (i.e., final test performance for items 

that were successfully retrieved during learning), age differences during acquisition were 

minimized.  Indeed, results from Experiment 1 revealed a similar function relating lag and 

continued testing to final test performance across young and older adults.  However, there were 

also some notable differences.  For example, young but not older adults benefited from massed 

retrieval practice, which replicates and extends past findings of an age-related difference in 

refreshing (e.g., Johnson et al., 2002; Maddox et al., 2011).  Finally, the reduced benefit of point 

value in older adults compared to young adults in Experiment 3 may reflect age-related 

differences in the capacity to attend to both the encoding task and the point value.     

Second, response latency during acquisition and on the final test provided additional 

constraints on the influence of age, lag and testing on retrieval fluency.  Importantly, analyses 

revealed dissociations between these two measures (i.e., accuracy and response latency).  

Clearly, future studies should replicate the dissociation between accuracy and response latency 

and should also replicate the patterns of final test response latency observed in the current 

studies. 

Finally, results from each experiment were generally consistent with the concept of 

desirable difficulty (e.g., Bjork, 1994).  The response latency data during acquisition were 

particularly informative with these predictions.  In this sense, a more difficult retrieval attempt 

will better enhance the memory trace than a less difficult retrieval attempt presuming both 

attempts are successful (e.g., Bjork, 1994).  However, it is clear that other mechanisms are likely 

implicated in producing the benefits of spaced retrieval.  This was especially true in Experiment 
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3.  Future studies may wish to examine the potential role of other mechanisms previously 

proposed to account for the benefits of spacing (e.g., encoding variability; Estes, 1955a; 1955b; 

and deficient processing, e.g., Johnston & Uhl, 1976; Rundus, 1971; Shaughnessy, Zimmerman, 

& Underwood, 1972). 

With these limitations in mind, the current results still afford several useful findings. 

Notably, the benefits of continued testing approached asymptote in the long lag condition but not 

the short lag condition, and this relationship between lag, continued testing and final test 

performance was similar across age groups.  Moreover, the multiple dissociations observed 

between accuracy and response latency on the final test suggest that examining both of these 

measures is critical for understanding the influence of lag and testing in the current paradigm.   

Finally, results from Experiment 3 provide initial evidence that manipulation of point value 

during acquisition exerts more influence on acquisition performance than on retention.   
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Footnotes 
1. One may be concerned that having the experimenter type the participant’s response may 

unduly influence the response latency results in two possible ways. First, raw response 

latency may be slower overall than in past studies in which participants entered their own 

responses.  However, the range of mean response latency within each age group was 

comparable with the range of mean response latency in the previous experiments in which 

response latencies were measured by the participant’s response (e.g., Balota et al., 2006; 

Maddox et al., 2011).  Second, the experimenter may be biased when entering responses if 

certain items are better retained than others.  This situation is unlikely given that (a) items 

were counterbalanced across conditions which should ensure that any experimenter biases 

are equally represented across conditions and (b) accuracy and response latency produce 

different pattern of results (especially in final test performance) which is inconsistent with 

the expectation of similar patterns of enhanced accuracy and response latency for items 

biased by a given experimenter. 

2. Across age groups, items that were retrieved on the final test trial in each condition were 

retrieved successfully on each of the preceding test trials.  Specifically, 99.6% of Lag 1 – 3 

test items, 100% of Lag 1 – 5 test items, 99.9% of Lag 3 – 3 test items, and 99.9% of Lag 3 – 

5 test items were successfully retrieved on all test trials during acquisition. 

3. Conditional raw response latency was submitted to a 2 (Age) x 2 (Retention Interval) x 2 

(Lag) x 3 (Number of Tests) mixed-factor ANOVA.  Results replicated those reported for 

conditional standardized response latency with the addition of a significant four-way 

interaction, F(2, 342) = 3.11, p = .046, η
2

p = .02. 

4. Separate analysis of long retention interval data failed to yield any significant results for 

young adults or older adults.    
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Appendix A. 

 In order to estimate the response latency (ms) for missing cells, the relevant conditional 

mean for participants who had at least one observation per cell was taken in proportion to the 

grand mean for those same participants.   In turn, this proportion was used to estimate a given 

participant’s missing cell(s) by multiplying the [Conditional mean/Grand Mean] proportion for 

all participants and the participant’s grand mean. 

 The estimated response latency (ms) was then treated as an individual trial response 

latency for which a z score was calculated using the standard formula. 
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Appendix B 

Nonconditional Final Test Phase Performance: Experiment 1 

Memory Accuracy.    Mean proportion correct cued recall on the final test is presented in 

Figure 28 as a function of age, retention interval, lag and number of tests.  Data were submitted 

to a 2 (Age) x 2 (Retention Interval) x 2 (Lag) x 3 (Number of Tests) mixed-factor ANOVA.  All 

main effects were significant, ps < .001.  The Age x Retention Interval interaction was 

significant, F(1, 178) = 15.37, p < .001, η
2

p = .08, which reflected a larger difference in 

performance between retention interval conditions for young adults (M diff = .27) than for older 

adults (M diff = .05).   Critically, the Lag by Number of Tests interaction was only marginally 

significant, F(2, 356) = 2.57, p = 078, η
2

p = .01.  As shown in Figure 28, continuing to test 

material in both lag conditions led to continued increases in final test performance.  This finding 

stands in contrast with the conditional final test performance in which there was no additional 

benefit obtained in terms of retention from taking five tests versus three tests in the long lag 

condition.  Of course, one must be concerned with performance during the acquisition phase for 

these various conditions.  In fact, the additional 3% benefit in final test performance obtained 

from taking five tests versus three tests in the long lag condition is only half the size of the 

difference between these conditions observed during the acquisition phase (7% benefit, as shown 

in Figure 3), which suggests that final test performance may simply reflect acquisition phase 

differences in performance rather than a unique benefit from continued testing when separated 

by a long lag.  This complication in interpreting nonconditional final test performance again 

underscores the importance of the conditional analyses reported earlier.  

Standardized Response latency.  Mean standardized response latency is presented in 

Figure 29 as a function of age, retention interval, lag and number of tests.  Data were submitted 
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to a 2 (Age) x 2 (Retention Interval) x 2 (Lag) x 3 (Number of Tests) mixed-factor ANOVA.  

Age, Lag and Number of Tests were all significant (ps < .05).  These main effects were further 

qualified by a three-way interaction between Age, Lag and Number of Tests,  F(2, 356) = 7.94, p 

= .003, η
2

p = .04.  
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Figure 28. Mean nonconditional performance on the final cued recall test in Experiment 1 as a 

function of age, retention interval (RI), lag, and number of tests.  Error bars represent ±1 S.E.M. 
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Figure 29. Mean nonconditional standardized response latency on the final cued recall test in 

Experiment 1 as a function of age, retention interval (RI), lag, and number of tests.  Error bars 

represent ± 1 S.E.M. 
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Appendix C 

Nonconditional Final Test Phase Performance: Experiment 2 

Memory Accuracy.    Mean proportion correct cued recall on the final test is presented in 

Figure 30 as a function of age, lag and number of tests.  Data were submitted to a 2 (Age) x 2 

(Lag) x 2 (Number of Tests) mixed-factor ANOVA.  The predicted main effects of Age and Lag 

were both significant, ps < .001.  Similarly, Number of Tests was marginally significant, F(1, 46) 

= 3.35, p = .074, η
2

p = .07, such that taking three tests during the learning phase (M = .32) 

produced better performance than having taken one test (M = .28).  Finally, the Age x Lag 

interaction was significant, F(1, 46) = 7.59, p = .008, η
2

p = .14.  As shown in Figure 30, the 

spacing effect was larger for young adults (M = .21) than older adults (M = .10). 

Standardized Response latency.    Mean standardized response latency is presented in 

Figure 31 as a function of age, lag and number of tests.  Lag and Number of Tests were both 

significant, ps < .001.  The Age x Number of Tests interaction was significant, F(1, 46) = 4.51, p 

= .039, η
2

p = .09.  Finally, the three-way interaction was significant, F(1, 46) = 5.32, p = .026, 

η
2

p = .10. 

For young adults, the main effect of lag was significant, F(1, 23) = 15.08, p = .001, η
2

p = 

.40, and the Lag x Number of Tests interaction was marginally significant, F(1, 23) = 3.48, p = 

.075, η
2

p = .13.  Standardized response latency was significantly faster for the Lag 4-3 test 

condition than the other three conditions, ps < .005, and there was no difference between the 

other conditions, ps > .15.  For older adults, both main effects were significant, ps < .001, but the 

Lag x Number of Tests interaction did not approach significance, p > .15. 
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Figure 30. Mean nonconditional performance on the final cued recall test in Experiment 2 as a 

function of age, lag, and point value.  Error bars represent ± 1 S.E.M. 
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Figure 31. Mean nonconditional standardized response latency on the final cued recall test in 

Experiment 2 as a function of age, lag, and point value.  Error bars represent ± 1 S.E.M. 
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Appendix D 

One may expect that working memory will exert more influence on nonconditional final 

test performance than conditional performance if the critical processes are implicated in the 

encoding of information (i.e., once an item is encoded and subsequently retrieved during the 

acquisition phase it may be retained similarly for individuals with low and high working memory 

capacity).  Analysis of nonconditional accuracy in Experiment 1 failed to yield any significant 

effects involving WMC Group, but analysis of nonconditional response latency yielded a 

significant WMC Group x Lag interaction, F(1, 88) = 5.01, p  = .028, η
2

p = .05. As shown in 

Figure 32, this interaction reflected a larger lag effect for Low WMC Group than the High WMC 

Group (Mdiff = .26 vs. .01, respectively).   

Turning to Experiment 2, analysis of nonconditional final test accuracy failed to reveal 

any significant effects involving WMC Group as a factor.  With respect to nonconditional final 

test response latency, however, the WMC Group x Lag interaction was marginally significant, 

F(1, 45) = 3.20, p  = .080, η
2

p = .07. As displayed in Figure 33, the difference in response latency 

between lag conditions was again larger for the Low WMC group compared to the High WMC 

Group (Mdiff = .74 vs. .38, respectively).   
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Figure 32.  Working Memory Capacity Group x Lag interaction in Experiment 1 nonconditional 

final test response latency.  Error bars represent ± 1 S.E.M. 
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Figure 33.  Working Memory Capacity Group x Lag interaction in Experiment 2 nonconditional 

final test response latency.  Error bars represent ±- 1 S.E.M. 
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Appendix E 

Nonconditional Final Test Phase Performance: Experiment 3 

Memory Accuracy.    Mean proportion correct cued recall on the final test is presented in 

Figure 34 as a function of age, retention interval, lag and point value.  Data were submitted to a 2 

(Age) x 2 (Retention Interval) x 2 (Lag) x 2 (Point Value) mixed-factor ANOVA.  All main 

effects were significant, ps < .05, and were further qualified by two interactions. The Age x Lag 

interaction, F(1, 104) = 5.51, p = .021, p

= .05, reflected a larger difference between lag 

conditions for young adults (M = .20) than older adults (M = .08). However, it is important to 

note that older adult performance was near floor (M = .07 and M = .15 for Lag 0 and Lag 4, 

respectively). The significant Retention Interval x Lag interaction, F(1, 104) = 4.48, p = .037, p
 

= .04, reflected an increase in the lag effect from the short retention interval (M = .07) to the long 

retention interval (M = .19). 

Standardized Response Latency.    Mean standardized response latency on the final test 

is presented in Figure 35 as a function of age, retention interval, lag and point value.  Data were 

submitted to a 2 (Age) x 2 (Retention Interval) x 2 (Lag) x 2 (Point Value) mixed-factor 

ANOVA.    Results revealed main effects of age, F(1, 104) = 5.63, p = .020, p
 

= .05, and lag, 

F(1, 104) = 7.32, p = .008, p
 

= .07.  Additionally, the Age x Lag interaction was significant, 

F(1, 104) = 3.97, p = .049, p
 

= .04.  This interaction reflected a larger lag effect for young 

adults (M = .28) than older adults (M = .04).  Finally, the Retention Interval x Point Value 

interaction was significant, F(1, 104) = 5.03, p = .027, p
 

= .05, which reflected faster response 

latency for high-value items than low-value items following the short retention interval (M = -.02 

vs. -.14, respectively) and a reversal in the benefit following a long retention interval (M = -.09 

vs. .06, respectively).  
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Figure 34. Mean nonconditional performance on the final cued recall test in Experiment 3 as a 

function of age, retention interval (RI), lag, and point value.  Error bars represent ± 1 S.E.M. 
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Figure 35. Mean nonconditional standardized response latency on the final cued recall test in 

Experiment 3 as a function of age, retention interval (RI), lag, and point value.  Error bars 

represent ± 1 S.E.M. 
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Appendix F 

Analysis of nonconditional final test accuracy yielded a significant WMC Group x 

Retention Interval x Lag interaction, F(1, 101) = 6.42, p = .013, p
 

= .06. This interaction 

reflected an increase in the lag effect across retention intervals for the low WMC group (M = 0% 

and 11%, for short and long retention intervals, respectively; p = .008) but no difference for the 

high WMC group (M = 8% and 6%, respectively; p > .40).  Analysis of nonconditional final test 

response latency failed to yield a significant effect or any significant interactions involving 

WMC group (ps > .15). 

The significant WMC Group x Lag x Retention Interval interaction in accuracy stands in 

contrast with analyses from the first two experiments that revealed significant WMC Group x 

Lag interactions in response latency but not accuracy.  One possible reason for this discrepancy 

is the increase in attentional load associated with processing and maintaining point values.  In the 

current experiment, it may be that that this increased attentional load is relatively more 

demanding for those with low WMC compared to those with high WMC which in turn results in 

a more effective spacing manipulation for this group, which is reflected at the longer retention 

interval.  Indeed, Bui, Friedman, McDonough and Castel (in press) recently compared free recall 

of lists of words using Deese-Roediger-McDermott false memory paradigm (Roediger & 

McDermott, 1995).  The critical comparison was between lists of items that were learned with a 

value-directed encoding procedure and lists of items that were learned without any associated 

point values.  Results revealed significantly higher veridical recall and significantly lower false 

recall for the value-absent condition compared with the value-present condition.  These results 

are consistent with an account in which processing point-value during encoding may have 

deleterious effects in terms of attentional processing of material 


